UNCLASSIFIED

AD NUMBER

AD021787

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; Apr 1953.
Other requests shall be referred to
Director, Wright Air Development Center,
Wright-Patterson AFB, OH 45433.

AUTHORITY

AFAL 1ltr, 17 Aug 1979

THIS PAGE IS UNCLASSIFIED




THIS REPORT HAS BEEN DELIMITED
AND CLEARED FOR PUBLIC RELEASE
UNDER DOD DIRECTIVE 5200,20 AND
NO RESTRICTIONS ARE {MPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEBASE)
DISTRIBUTION UNLIMITED,




med dervices [echnical Iformation .ﬂgency ‘

y b-

JTICES: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA

XE US ED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
OVEREENMENST PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS
JRES PONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
OVERENMEN'T MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

A ID DERAWIINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY

IPLIC _ATIO®N OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
<RS0 OR COR PORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
SEOR SELXI. ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

‘E AN IZ7~0 A OO0 hIrtirEmrms

-~




SIMILA}
N

WALS, D

1402 TT4 VIISY

e ————

P ]




. 4‘*"'“'

WADC TECHNICAL REPORT 53-152

DESIGN CHARTS FOR AXIAL-FLOW COMPRESSORS
HAYING CONSTANT ROTOR WORK DISTRIBUTION
OVER THE BLADE SPAN

ROBEBRT &. RUNTRR

ARRONAUTICAL RESEARCH LABORATCRY

APRIL 1953

WRIGHT AIR DEVELOPMFNT CENTER

AF-WP.(8)-0.18 0SC 33 78




NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection witha definitely related Govern-
ment procurement operation, the United States Government thereby in-
cursnoresponsibility nor any obligation what=cever; and the fact that
the Government may have for mulated, furnished, or in any way supriied
the said drawings, specifications, or other data, {5 not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other persor. or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in anyway
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Ailr Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.

. ‘ﬂ



WADC TECHNICAL REPORT 53-152

DESIGN CHARTS FOR AXIAL-FLOW COMPRESSORS
HAYING CONSTANT ROTOR WORK DISTRIBUTION
OVER THE BLADE SPAN

Robert K, Hunter

Aeronautical Research Laboratory

April 1953

RDO No. u85-8

%right Air Uevelopment Center
Alr Research and Devslopment Command
United States Air Porce
Wright-Patterson Air Force Base, Ohio




LS A
e,

%,\w—-’u-—"‘—“—' T

FOREWORD

This report was prepared by the Aerodynanics Ressarch Drench
of Aeronautical Research laboratory, Directorate of Research, to
supplement facilities research projects as authorized by Research
and Development Order lio. 465-6, "Facility lesearch.," Jr. !l. Von
Ohain served as project engineer,

Grateful acknowledgemen® is made to !Ir. M. 0. Lawson for his
assistance In the preparation of this report.
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ABSTRACT

This technical report sttempts to provide a4 ..eans of shortening
the compressor dssign procedure thirough the use of charts, To facilitate
a more rapid procedure, Lhe charts are restricted in application to
constant rotor work axial-flow compressors,

The design charts give the relationships between the mean radius
velocily Lriangle and compressor psrformance and dimensions, Hanges
are established for the variables to include all normal design problems
and also to rule out almost immediately all impractical solutions,

The charts are generalized with respect to atmospheric conditions
to permit greater applicability. That is, the charts may be used for
design problems that involve initial atmospheric conditions other than
gtandard ond also for multi-stage compressors by application to each
stage in succession,

Relationships are established between the meun radius velocity
triangle and certain specific compressor parameters such as pressure
coefficient, flow coefficient, throttle number and specific speed,

Use of the charts is illustrated by the solution of a hypothetical
design problem, References are given which provide varicus methods for
determining the blade profiles,

FPUBLICATION REVILW

The publication of this report does not constitute approval by the
Air Force of the findings or the conclusions contained therein, It is
nublished only for the exchange and stimulation of idees,

iLIE g WILLIAMS
olonel, US

AF
Chief, Aeronautical Research
Laboratory
Directorate of Research

FOR THE COMMANDER:
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! 4C,-  Tangential component of the airflow velocity imparted by the
| rotor at the mean radius,

U= Tangential velocity of the rotor blade sectiom at the mean
radius,

V= Axlal velocity component of ths airflow.
' . We=  Mean velocity relative to the rotor blade at the mean radius,

a= AC,/Wm » blade icad factor.

be  U/Wa , dimensionless rotational speed. | .
' d=- VvV /W.:= SINB , dimensionless axial velocity, : ,

=  Flow angle, ’

G - Weight flow per second,
R - Rotor tip radius,
Y- Hub ratio,

P -  Adr density. | ~ L
g- Acceleration of gravity.

He- Pressure head or work per unit weight.

P Fower expressed in horsepower units,

W - Rotor angular velocity in radians per second,

N=- Rotor rotational speed in RPM,
ap - Total pressure increass.
- -  Efficiency.

Cy= Spesd of sound,

e- The ratio of absclute ambjent temperature to absolute stand-
ard tampsrature,
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The ratio of ambient pressure tc slan

Flow coefficient,
Pressure coefficient,
Throttle number,
Specific speed.

Any radius,

Annulus area,

Blade length,

Volume flow,

Lift coefficiemnt,
Solidity.

Subscripts

d-‘ -----

aAls Pressus's,

Values converted to standard atmospheric conditions,

Values converted to doth standard atmospheric conditions

and l=hp power input,

Values taken at the tip section,
Values taken at the b suction,
Values %aken at any radius,
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UESIGN CHARTS FCR AXJAL-FLOW COMAYRESSORS '
HAVING CONSTANT RCTOR WORK DISTRIBUTION
OVER THE BLADE SPAN

Introduction

The process of designing turbo-compressors is usually long and
involved, This report atitempts to facilitate a rapid design procedure
by providing charts which ylelid final design values and eliminate im-
practical solutions almost immediately.

One of the most common turbc-compressor types is the axial-flow
compressor with which this report is concerned. All singlo-stage and
most multi-stage axial-flow compressors are of the constant rotor work
type and, hence, consideration of this type alone will maintain a
reasonabie degree of generality,

SECTION 1

Procedure

Since this study is restricted to constant rotor work axial-flow
compressors, the velocity triangle for any point along the rotor blade
span is determined by any one velocity triangle if the type of pre-
rotation is known. In this study the mean radius velocity triangle will
be taken as being representative of the entire blade. Limitations will
be applied to thie mean radius velocity triangle in order to establish

practical ranges for the charts. Insofar as some of these limitations
would normally be applied at the blade root and others at the tip, the
chart ranges will be made flexible 30 as %0 avoid over-resiricting the

charts,

Relationships will be established bstween the mean radius velocity
triangle and compressor performance and dimensions. These relationships
constitute the basic design chart equations, Furthermore, relationships
betwsen the mean radius velocity triangle and certain specific compressor
parameters such as flow coefficient, pressure coefficient, throttle
pumber and specific speed will be given,

WADC TR 53-152 1




SECTION II

Chart Equations and Compressor Parameters

The ecustions used in plotting the charts give relationships be-
tween the mecan radius velocity triangle and the compressor performance
and geometry.

The coumpressor performance is given by the power-input, P , the
rotational speed, N , and the total pressure increase, Ap . The
compressor geometry is given by therotor radius, R , and the hub ratio,

v , Three velocity triangle parameters which are sufficient for
determining the geometry of the mean radius velocity triangle and which
will be used for the forthcoming eauations are as follows:

The blade load factor is:

AC,

a W,

The dimensionless rotational

speed is:
. v c
b Wo )
The dimensionless axial
velocity is: AC,—
] U -

FIGURE I

The equations relating these eight compressor parameters are as follows:
I'A.
[_e2217 Pp* 717 1
Re !,PN(!-v)(tW)‘adj (1)

be
ap . PPN (I+v o]
7 o.osss[ =919 _| (m)
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7 0488 s (1)

These are the basic design chart equations relating the ten com-
pressor variables, Normally, the density, power, rotational speed and
total pressure increase (or weight flow) are given in a des problem.
The chart equations are capable of determining two unknowns (the deri-
vation given in Appendix II shows that the three chart equations are
derived from two independent equations), thus leaving four unknowns to
be selected by the dssigner. The charts provide a rapid graphical
solution of the above three equations and aia considerably in the
selection of the four remaining uniknown quantities., A specific example
of the use of the charts is given in Appendix I and the derivation of
the three chart equations is given in Appendix II.

Two specific parameters which are of importance to both single and

mlti-stage compressors are the pressure coefficient, { , and the flow :

coefficient, ¢ . These two coefficients are characteristic of com-
pressors independent of the rotational speed if the Mach mumber is
sufficiently low and the Reynolds number is sufficiently high,

The pressure coefficient is expressed in terms of the efficiency,
the hub ratio, the blade load lactor, and the dimensionless rotational

speed as follows:

(1+9)e
Y=y ()

The flow coefficient is expressed in terms of the hub ratie, the
dimensionless rotational speed and the dimensionless axial velocity as
follows:

o= Lz )

As an aid in selecting certain geametric properties such as number
of blades and hud ratio in such a way that the totel-energy losses
become a minimum, a dimensionlese characteristic parameter known as
specific speed is useful, It is well known through its application to
water turbines. Specific speed characterises the type machine by its
performance values (speed, volume/sec., total head) under optimum
efficiency conditions, The optimm efficiency conditions are, however, '
affected by excessive Mach nmuxbers and low Reynolds number values,

WADC TR 53-152 3
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Specific speed is seldom considered in the design of multi-stage axial-
flow compressors but is particularly applicable to single-stage axial-
flow compressors,

The specific speed can be exprassed in terms of the mean radius
velocity triangle and the hub ratio as follows:

. _[U-vid(2bf®
R TV

Another characteristic number, introduced by Keller, is the
throttle number, Keller considered a single-stage axial-flow compressor
consisting of a rotor and a stator, He defined throttle number as the
ratio of the kinetic energy content of the flow behind the stage tc the
total rotor work,

(V1)

Keller found that the throttle number has an important influence
upon the optimum efficiency of a aingle-st.age axial~flow compressor in
that it indiczates the amount of kinetic energy behind the stage which
must te transformed into static pressure by a diffuser. For instance
if the throttle number is less than one, the st tic pressure behind the
stage 1s greater than atmospheric., If the throttle number is one, the
compressor will act as a fan without a dirfuser, If the throttle number
is greater than one, a diffuser must be employed to raise the static
pressure above atmospheric level before flow will occur,

The throttle number can be expressed in tcrms of the mean radius
velocity triangle and hu' rotio as follovs:

L4
Nr* 2%ab

The derivations of the expressions for the altove specific compressor
paramete:s are given in Appendix III,

(VII)

SECTION 1III

Chart Limitations

There exist certain practicel limitations for the individual quanti-
ties contained in the design charts which should be considered so as to
establish the ranges of the charts. It is to be noted that these limit-
ations are by no means absolute, unvarying quantities, The 1imitntions

WADC TR 53-152 L
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are influenced by so many parameters that methods do not exist for estab-
lishing them definitsely. For this reason, the limitations proposed

TSpressnt generally accerted values,

The quantity a is given the range O to 0.6 on the basis of Keller's
investigation of cascade flow (Axial Flow Fans, 1937). Keller found that
to avoid stalling,the produch of solidity and 1ift coefficient should not
exceed 1,1, This product, Co:24C,/Wm , corresponds to 2a . The
above restriction places 2 maximum value of 0.6 on a .

Keller, however, conducted his investigatiom at one value of Reynolds
number, It has since been shown that permissible solidity values increase
-with increasing Reynolds number. BEecause of this consideration, the range
~of a 1is extended to 0.8,

The quantity d is given the range 0.5 to 0.9, This corresponds to
a range in flow angle of 30° to 65° which will include all normal condi-
tiom.

The quantity b 1is assigned the range 0.25 to 1.5 to include all
practical values of positive and negative prerotation.

The hub ratic, v is given the range 0.4 to 0.9, Hub ratios of less
than 0,4 are impractical for constant rotor work type compressors. Hub

‘ratios of more than 0.9 are impractisal because gap losses beccme excessive,

The rotational speed, N , is given the range 100 rpm to 100,000 rmm

"which will include all normal operational values for most comprasssors.

The ranges of 4p and tip radius, R , are determined from the abeve
ranges and are found to be as follows:

AP = 0,001 pei to 5 psi
R = 0.5 to 30 inches

Charts I, II, and III are plotted from equations I, II, and III
taking into account the limitations given above. Dashed curves are
plotted in excess of the ranges given above tc include values which are:
possible but improbable under normal circumstances,

Mach number limitations are not considered in determining the iharé
ranges. These should be considered after establishing the velocity
triangles.

" WADG TR 53-152 5
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SLCTICK IV
Gener 2 the Charts

The design charts are plotted for standard atmospheric conditions
snd 1 hp power-input, Nearly all design problems have other atmospheric
and powver-input conditions and, thsrefore, expressions must be found for
converting the design values to normal values so that the design charts
may be of general use,

The quantities @ , b , d , and ¥ are dimensionless geometric
properties of the compressor and, therefore are not affected by changes
in atmospheric and nrower-input conditions. The remaining quantities
(P, R, N, and ap) mst be corrected,

A detailed lilscussion of the generalization procedure is given in
Appendix IV,

To facilitate easier use of the design charts, the scales are labeled
as functions of the actual conditions rather than stundard conditions,

Generalizing the charts with respect to atmospheric conditions
permits using the charts in the design of multi-stage compressors by
considering the exit conditions of one stage as being the inlet conditions
of the followlng stage,

WADC TR 53=152 6




APPENGIX 1

Upe of the Charts

Assume a single-stage axial~flow compressor given with a power
source which developes 10 hp at 35CC revolutions per minute and a hub
ratio of 0.75. It is deaired to obtain an increase in totel pressure
of 0.25 psi at an ataospheric temperature of 40°F and an atmospberis
pressure of 13 psi. Purthermore, it is desired tc obtain the afore-
mentioned values without utilising a stator in front of the rotor or
a diffuser (for the purpose of establishing flow) at the rear.

The values of & and © are first determined from the given atmos-
pherie conditions.

.13.0,
8:533:0.884

, 4994
518.4
Since the values of pressure inorease and rotational speed are
given, Chart III will be used first to determine the mean radius veloe~

ity triangle.

Start in the fourth quadrant by oomputing the following values:

e = 0.963

(s NP* 3500 10)*
8" (0.963f0.884)

12,110

Asgume an efficiency, 7 =0.8%

a 0.25
(b) ﬁ *0.85%x 0884 " 0333

Values (a) and (b) together locate point 1 in the fourth quadrant
of Chart II1. A horisontal line from point 1 to the third quadrent
curve vy 8 0.75 locates point 2,

A vertical line from point 2 into the second quadrant cuts the
curves corresponding to values of a ranging from 0,16 to 0.45. Drawing
horisontal lines from the sero prerotational lines (established by the
requirement that there is to be no stator in front of the rotor) inte
the sevond quadrant further limits the possible values of a . Successive
application of this procedurs yields a possible range of a from 0.26

WADC TR 53-152 7
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to 0,35, Selecting the value& = 0,3 locates point 3, A horizontal

line from point 3 to the zero prerotation curve in the first quadrant

locates point 4, The values of » and G are given by the Chart at

point’ l&. ‘.

b = 0.95
d =0.6

The next step is to determine if the additional condition of no
diffuser is satisfied, This is done by considering the throttle
number which is ealuated from equation (VII) as follows:

a8
0.36 A
Nr*2hab 2X085X03% 095 0743

The value of the throttle number i1s seen to be sufficiently less
than unity to insure that nc diffuser will be necessary to establish
flow, Hence, the values ofa, b , andd determined above are accept-
able., (A diffuser would be needed, however, if it were desired to

transfer more of the saergy into static pressure,)

The value of the rotor radius is now found from Chart II using the
previously determined values of &, b and d . The procedure is
shown on Chart II, The value of (RE"S P') is seen to be 2,76, from
which R is found as follows:

R=2.76 9'6 P=2. 76(0.963)*(0 884) (0. b)
R=9.37 INCHES

The mean radius is:
149, g 57y 175
Re R{D.0.37x 112 x8 20 INCHES

The annulus area is:

2
Apw R (=) =yr %%7—’ (I—0.78"=0838 FT*

blade length is:
h =RlI-y)=9.37X0.25% 2.34 INCHES

The quantities nseded to construct the mean radius velocity
triangle are found as follows:

us ZFRat «250 EPs.

WADC TR 53-152 8




W U/b = 250,/0.95 = 263 EPS.

ACy= W,2ar 263X 0.3=78.9FPS.
Ve W,d=283X0.8=157.8FPS.

The quantities necessary for determining the velocity triangles
at the rotor hub and tip (denoted by the subscripts H and R respect-
ively) are found as follows:

Ue= UR/Ra» 280X 9.37/8.20 = 286 FPS.

U= Uy= 0.75X 286 = 214 EPS. .

Since the compressor is of the constant rotor work type, rAGCy, = ‘; .
constant, and: '

, Gy AGR,/R = 789X 8.20 /9.37= 69.0 F.PS.

AGy 8Cy/ = 69.0/0.75 = 92.0F.PS.

Wa V v+ (Us-24G)" = VI578% (286 - 34)°

W 297FPRS.
Wo= V(U -RAC,T =/ 157.8'+ (214-467
Wns 231 FPS. '

The velocity triangles for the hub, me=n radius, and tip section
are shown in Figure 2,

A% this point it is appropriate to compute the tip Mach number,
The relative intake velocity at the tip is iound as follows:

W, VV+ U, «Vi878'+286°

Vl,.- 327 FPS.
The speed of sound is found from the expression which gives the

WADC TR 53-152 9
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Fie. 28 TIP VELOGITY TRIANGLE

FI19.2) HUB VELOCITY TRIANGLE
Fi16.2 VELOCITY TRIANGLES FOR THE EXAMPLE PROBLEM
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relationship between sonic velocity and atmospheric temperature,
Cs= 1116 VO = 1116V0. 963 = 1078 FPS.

and the Mach number is:

M,s 327 /1075 = 0.30

As is usually the case, the Mach nurber is found to be far less
than critical, Hence, Mach number effects are negligible,

The volume flow is found as follows:

V=AYV =0.838XIS7.8:132.2 FT/SEC

To avoid adverse effects due to low Reynolds number, a Reynolds
number of 300,000 is assumed at the mean radius, This results in a
blade chord length of 2.4 inches. Assuming a 1ift coefficient of 0,5
at the mean radius, the sclidity is determined by the load factor
equation to be 1,2, The number of blades is now found to be 26,

If so desired, the values of pressure coefficient, flow coefficient
and specific speed may be determined from equations (IV}(V} and(VI)
respectively,

Determining the blade profiles is not within the scope of this
report, However, references for methods of doing this are given below,

(a) The Betz Method

(b) F. Veinig, "Flow Around Turbine and Compressor Elades',
BuShips, Navy Dept. 1946.

(¢) Information of the Aerodynamic Design of Axdal-Flow
Compressors in Germany, Navy Dept. October 1945,

(d) H. Constants Rule, "The Present Basis for Axial~Flow
Compressor Design" Part I, Aero Research Council, R. & kK.,

June, 1942, A. R. Rowell,

Had the compressor under consideration been multi-stage rather than
single-stage the above procedure would be repeated for each stage in
succession,

WADC TR 52-152 bS]
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To facilitate a nore easily followed derivation, the mean radius
velocity triangle parameters are repeated.

The blade load factor, @ = A C./Wm
The dimensionless rotational speed, b = U/W,,
The dimensionless axial velocity, d = v/ W,

The weight flow through the compressor is given by the following
equation:

G = wR*(1-V")V P9
and in terms of the dimensionless axial velocity is:

G:= R (1-V )W Pg
The pressure head or work per unit weight is given by the equation

H: UaAC,/g

and in terms of the blade load factor and dimensionless rotation speed
it is

H=habwy’

The power input to the compressor is given by the ecuation

P = GH = mR(I-v")3 (W) Pab (1)

Wm » in the above emuation, can be expressed in terms of the
compressor geometry and the mean radlus velocity triangle paramcters
in the following manner,

The angular velocity, w 1s

Y. 28U
and in terms of the dimensionless rotational speed, w «=—"=

R(i+y)

WADC TR 53=152 12



and in turn, the expression for the rotaticnal speed, N , is o

N>Ry
and
NRUY)
W el b (2)
Introducing the expression for W,, into equation (1)
7 R- 'R ‘l*ﬂ Pab
Px =910 (19470’
or, f

P = 451X 10 PN (1-0)1+) 4%

(3)
and solving for R
e - 2217pb’ ]"r (1)
LANU=-N 0+ ad

The expression for the pressure increase, 4p , is as follows:

Ap <P puAC,

and in terms of the blade load factor, dimensionless rotational speed
and equation (2)

% =Pa M
(s b
or
ap [45|xtom'~'u V)W)i-]b (4)

2 U IPX 45 X 10 RN (-oXHIT d

The terms inclosed in brackets can be seen from equation (3) to be P,

Hence, [p‘lms‘&lo )fR N(|—yhl+ﬂ)‘('§')~]

? (19.17X 4.5I X I0 R N(I-¥)(1+0' d

WADC TR 53-152 13



canceling N and collecting terms
AP 0018704000 ph

L ArYTYE Y I I Lk

. Prab 1"
%ﬁ o.4ee[ “_ﬂ.d.]
The following equation is derived from equatior (4)

op B&.anxld‘)’?‘h'n'n-v I -4 ¥ 6
7 (19.1)X 481X 10 R*N(1-vX1¥0)'d
upon elimination of the radius the equation becomes

or,

op  9.83X10 P PNNIe ) Pa Y

? 016 45(-p ) d¥ b*

or,

4R 0.0 598 PPNy ) Al "
7 (1-v)d’b

i s A, MRS SRR s . .

(11)

(111)

Equations (I), (II), and (III) are the basic design chart equationms,

WADC TR 53-152 U
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APPENDIX IIX o

Specific Cowpressor Faramstors

The pressure coefficient is defined by the following eouation where
the subscript R , represents values at the tip radius,

- 214G, (5)
Un
Since the charts are concerned with constant rotor work axial flow
compressors, the following substitution may be made,
rAC,: CONSTANT
(8Cu)y = AGRR = 4C, 11+ 7) f2

also,

Up = UR/Rm=2U/(1+)

substituting these expressions into equation (5) gives,

V=9 0+yfac,/2u

and in terms of the blade load factor and dimensionless rotational speed

0+’
TR A (V)

The flow cocfficient is defined by the following equation,

o - V/Un

Substituting the expression for Us given above

¢ = v(i+v) /2u

and in terms of the dimensionless rotation speed and axial velocity

+y)d

WADC TR 53-152 15
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The specific speed is defined by the followling equation:
NV
e S

It is given by Keller (Axial Flow Fans, 1937) in dimensionless form as
follows:

nye Q-9 oy (6)

Tt o specific speed can be defined in terms of the mean radius
velocity triangle by sutstituting ecuation {(IV) and (V) into equation (6)

W% *
(l—v)d(ab)*] ,
= eSO m— vI -
b [ t+Na® (¥2) ;‘
The throttle number is defined by the following equation
Nee 8/ U

and in terms of the mean radius velocity triangle

Tqab ()

N, =

WADC TR 53-152



APPENDIX IV

Generalizing the Chart Parametcrs

Let quantities without sulscripts denote initial, uncorrected
values; quantities with subs.ript s denote the values converted to
standard atmospheric conditions; and quantities with the subscript n
be values converted to botii standard atmospheric conditions and 1 hp
pover-input,

a) Conversion to Standard Atmospheric Conditions:

In reversible adiabatic changes of state, the temperature and
pressure ratios are unicuely determinad by the Mach number. Compressor
performance charts are customarily generalized by holding the pressure
ratio and, hence, the Mach number constant for varying atmospheric and
power conditions., The design charts with which this report is concerned
are generalized in the same manner,

To maintain constant Mach number, the rotational speed must
vary in accordance with the speed of sound,

2. N
G (G,

The speed of sound, Cs, varies with the scuare root of the
temperature,

i.e.

N
Wy ©,

X 5
The value of p/m is held constant for all atmospheric conditions,

The design charts of this report, however, are concerned with ap rather
than p/P. . The general represembation of ap ie found as follows:

(7

From .E.,ﬁ
PR,

WADC TR 53-152 17
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Multiplying both sides by L., gives
AA = Ap%' , O
y.)
AA: { (8)

The axial velocity portional tc the rotational speed
and hence must also vary with o The power input is the product
of the axial velocity, the pressure increase and the annulus area., The
annulus area is independent of atmospheric conditions and, therefors,
the power input must vary with the product of the axial welocity and
the pressure increase. 7That is:

B g (9)

The tip radius, R , is independent of the atmospheric con-
ditions and hence,

Ry=R

b), Conversion to 1 hp power input:

The total pressure increase, 42, is not affected by changes
in power input. and, therefore,

apne
The rotational speed varies inversely as the square root of
L. the power input.
| Ne=NyR
: Substituting equation (7) and (9) gives
N
N = & V&S or
N,: N6'PYs ¥
The tip radius varies as the square root of the power input,
R,® ==
Substituting equation (9) gives
ROs"
Ry: T

In summary, the relations for convarting from design values to
normal values for uss with the charts are as follows:

WADC TR 53-152 18
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Ral HP

NP3
YT
A P= 8P/
RE" 8"
R ot
For convenience, the charts are labeled as functions of the actual
conditions rather than the normal conditions,
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